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An organic electroluminescence device having high light
emission efficiency is provided, which includes a first elec-
trode, a second electrode facing the first electrode, and an
emission layer disposed between the first electrode and the
second electrode. The emission layer includes a polycyclic
compound represented by Formula 1:
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1
ORGANIC ELECTROLUMINESCENCE
DEVICE AND POLYCYCLIC COMPOUND
FOR ORGANIC ELECTROLUMINESCENCE
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to and benefits of Korean
Patent  Application No. 10-2020-0019642  under
35 U.S.C. § 119, filed on Feb. 18, 2020 in the Korean
Intellectual Property Office, the entire contents of which are
incorporated herein by reference.

BACKGROUND
1. Technical Field

The disclosure herein relates to an organic electrolumi-
nescence device and a polycyclic compound used therein.

2. Description of the Related Art

Recently, the development of organic electrolumines-
cence displays as an image display apparatus is being
actively conducted. The organic electroluminescence dis-
plays are so-called self-luminescent display apparatuses in
which holes and electrons injected from a first electrode and
a second electrode recombine in an emission layer to gen-
erate excitons, and these generated excitons fall to the
ground state to emit light, thereby implementing display.

In the application of an organic electroluminescence
device to a display apparatus, there is a continuous demand
for good color reproducibility by improving the light emis-
sion efficiency of the organic electroluminescence device,
and for the development of materials for an organic elec-
troluminescence device that is capable of stably attaining
such characteristics.

In recent years, particularly in order to implement a highly
efficient organic electroluminescence device, technology
continues development pertaining to phosphorescence emis-
sion using triplet state energy or delayed fluorescence using
triplet-triplet annihilation (TTA) in which singlet excitons
are generated by collision of triplet excitons, and pertaining
to thermally activated delayed fluorescence (TADF) mate-
rials using a delayed fluorescence phenomenon.

SUMMARY

The disclosure provides an organic electroluminescence
device having excellent light emission efficiency.

The disclosure also provides a polycyclic compound,
which is a material, for an organic electroluminescence
device, having high color purity and high efficiency char-
acteristics.

An embodiment of the inventive concept provides an
organic electroluminescence device according to an embodi-
ment that may include a first electrode, a second electrode
facing the first electrode, and an emission layer disposed
between the first electrode and the second electrode. The
first electrode and the second electrode may each indepen-
dently include at least one material selected from the group
consisting of Ag, Mg Cu, Al, Pt, Pd, Au, Ni, Nd, I, Cr, Li,
Ca, LiF/Ca, LiF/Al, Mo, Ti, an oxide thereof, a compound
thereof, or a mixture thereof. The emission layer may
include a polycyclic compound represented by Formula 1:
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InFormula 1, X, may be NAr,, O,or S, Y, to Yy may each
independently be CM, or a carbon atom bonded to a group
represented by Formula 2, each M, may independently be a
hydrogen atom, a deuterium atom, a halogen atom, a sub-
stituted or unsubstituted amine group, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms,
or bonded to an adjacent group to form a ring, Ar, and Ar,
may each independently be a substituted or unsubstituted
aryl group having 6 to 30 ring-forming carbon atoms or a
substituted or unsubstituted heteroaryl group having 2 to 30
ring-forming carbon atoms, R; to Ry may each indepen-
dently be a hydrogen atom, a deuterium atom, a halogen
atom, a substituted or unsubstituted amine group, a substi-
tuted or unsubstituted alkyl group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to
30 ring-forming carbon atoms, or a substituted or unsubsti-
tuted heteroaryl group having 2 to 30 ring-forming carbon
atoms, or bonded to an adjacent group to form a ring, a, b,
¢, and d may each independently be an integer from O to 2,
at least one group represented by Formula 2 may be bonded
to at least one pair of substituents, the at least one pair of
substituents selected from the group consisting of Y, and Y,
Y;and Y,, Y5 and Y, and Y, and Yy

[Formula 2]
(R7)f\
X3
B\ i
(Re)e—
/*
X2

In Formula 2, each X, and each X5 may independently be
NAr;, O, or S, each Ar, may independently be a substituted
or unsubstituted aryl group having 6 to 30 ring-forming
carbon atoms or a substituted or unsubstituted heteroaryl
group having 2 to 30 ring-forming carbon atoms, each Rg
and each R, may independently be a hydrogen atom, a
deuterium atom, a halogen atom, a substituted or unsubsti-
tuted amine group, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 30 ring-forming carbon atoms, or a
substituted or unsubstituted heteroaryl group having 2 to 30
ring-forming carbon atoms, or bonded to an adjacent group
to form a ring, each e may independently be an integer from
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0 to 3, each f may independently be an integer from 0 to 4,
and * indicates a binding site to a neighboring atom.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by one of Formulas 1-1a
to 1-1c:

[Formula 1-1a]

Y. Y.
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[Formula 1-1¢]

v
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(Rz)b/ (R3)c

y# | ’ | Ny,
| |
Y, §| N S | /Ys

R I R4

In Formulas 1-1ato 1-1c, Y, to Y, Ar, Ar,, and R, to Ry
may be the same as defined in Formulas 1 and 2.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by Formula 3-1 or
Formula 3-2:
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In Formulas 3-1 and 3-2, X,,, X,,, X5, and X, may each
independently be NAr,, O, or S, each Ar, may independently
be a substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms,
R¢;s Reas Ry, and R, may each independently be a hydro-
gen atom, a deuterium atom, a halogen atom, a substituted
or unsubstituted amine group, a substituted or unsubstituted
alkyl group having 1 to 20 carbon atoms, a substituted or
unsubstituted aryl group having 6 to 30 ring-forming carbon
atoms, or a substituted or unsubstituted heteroaryl group
having 2 to 30 carbon atoms, or bonded to an adjacent group
to form a ring, al and d1 may each independently be an
integer from 0 to 2, b1 and c1 may each independently be an
integer from O to 4, el and e2 may each independently be an
integer from O to 3, f1 and {2 may each independently be an
integer of 0 to 4, and X, Ar;, and R, to R may be the same
as defined in Formulas 1 and 2.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by one of Formulas 4-1a
to 4-1d:

[Formula 4-1a]

(R3)e1 R72)p
(Y
N F F -
NN
| | T Re2)e2
Xi \/ X2 7
Ra)ar

Rs
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-continued
[Formula 4-1b]
(Re2)e2
P |
X2 N X35
R70)a (Rz)bl\ !
2 ~ \ \ /
| | | I/ Rn)p
X3 N = N /\(Rs)cz =
B B B
“ = x
Re)er— | | |
A X5 \/ N . \/
Rpal 1|\r1 Rs Ra)a
[Formula 4-1¢]
(ReDet
M
X31 = X5,
(Ro)p2 (R3)c1 R72)p
B
R | | |
/ \ N \ / -
/ B B \ B \
| | | T Redez
AN A
N Xi \ X5 #
Rpa 1|\r1 Ry Ra)ar
[Formula 4-1d]
(R et (Rede2

/
X % X35
(LY
/ (Rz)bz/ 7 N Z

o
R7)n (R3)e2
/ | ? ? | AN
A N X ’\/
(Rp)a | 1 Ra)a

In Formulas 4-1a to 4-1d, X,,, X,,, X5, and X5, may
each independently be NAr,, O, or S, each Ar, may inde-
pendently be a substituted or unsubstituted aryl group hav-
ing 6 to 30 ring-forming carbon atoms or a substituted or
unsubstituted heteroaryl group having 2 to 30 ring-forming
carbon atoms, Ry, Rs,, Ry, and R, may each indepen-
dently be a hydrogen atom, a deuterium atom, a halogen
atom, a substituted or unsubstituted amine group, a substi-
tuted or unsubstituted alkyl group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having
ring-forming 6 to 30 carbon atoms, or a substituted or
unsubstituted heteroaryl group having 2 to 30 ring-forming
carbon atoms, or bonded to an adjacent group to form a ring,
al, b2, ¢2, and dl may each independently be an integer
from 0 to 2, a2, bl, cl, and d2 may each independently be

SR

an integer from 0 to 4, el and e2 may each independently be
55 an integer of 0 to 3, fl and {2 may each independently be an
integer of 0 to 4, and X, Ar;, and R, to R5 may be the same
as defined in Formulas 1 and 2.

In an embodiment, the polycyclic compound represented
by Formula 4-1a may have a line-symmetrical structure with
respect to an imaginary line passing through a central
nitrogen atom and R..

In an embodiment, the polycyclic compound represented
by Formula 4-1d may have a line-symmetrical structure with
respect to an imaginary line passing through a central
nitrogen atom and R..

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by one of Formulas 4-2a
to 4-2d:

65
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[Formula 4-2a]
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[Formula 4-2d]
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/
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In Formulas 4-2a to 4-2d, X,,, X,,, X5, and X;, may
each independently be NAr,, O, or S, each Ar, may inde-
pendently be a substituted or unsubstituted aryl group hav-
ing 6 to 30 ring-forming carbon atoms or a substituted or
unsubstituted heteroaryl group having 2 to 30 ring-forming
carbon atoms, Ry, Ry, R,;, and R, may each indepen-
dently be a hydrogen atom, a deuterium atom, a halogen
atom, a substituted or unsubstituted amine group, a substi-
tuted or unsubstituted alkyl group having 1 to 20 carbon
atoms, a substituted or unsubstituted aryl group having 6 to

10

30 ring-forming carbon atoms, or a substituted or unsubsti-
tuted heteroaryl group having 2 to 30 ring-forming carbon
atoms, or bonded to an adjacent group to form a ring, el and
e2 may each independently be an integer from 0 to 3, f1 and
2 may each independently be an integer from 0 to 4, and X,
and Ar, may be the same as defined in Formulas 1 and 2.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by Formula 5-1 or
Formula 5-2:

[Formula 5-1]

(R7)f (Ry)p
~N
B B
Re L TR,
x X3 X; X; A
Ar
[Formula 5-2]
(Rﬁ)e (Rs)e
X3/©\X2 /Q\)Q
B
N
<R7>/ Ny

Ary

z&

X1

In Formulas 5-1 and 5-2 above, each of X, X,, X;, Ar,,
R, R, e, and f may independently be the same as defined
in Formulas 1 and 2.

In an embodiment, Ar, and Ar, may be each indepen-
dently a substituted or unsubstituted phenyl group.

In an embodiment, R, and R, may each independently be

an unsubstituted methyl group, an unsubstituted isopropyl
group, an unsubstituted t-butyl group, a substituted or
unsubstituted biphenyl amine group, or an unsubstituted
phenyl group.

In an embodiment, the emission layer may emit delayed
fluorescence.

In an embodiment, the emission layer may emit light in a
blue wavelength range.
In an embodiment, the emission layer may include a first

compound and a second compound, and the first compound
may include the polycyclic compound.

In an embodiment, the polycyclic compound represented
by Formula 1 may be selected from one of the compounds
represented by Compound Group 1:
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BRIEF DESCRIPTION OF THE DRAWINGS 60

The accompanying drawings are included to provide a
further understanding of the inventive concept, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the inventive con- 65
cept and, together with the description, serve to explain
principles of the inventive concept. In the drawings:

FIG. 1 is a schematic cross-sectional view illustrating an
organic electroluminescence device according to an embodi-
ment of the inventive concept;

FIG. 2 is a schematic cross-sectional view illustrating an
organic electroluminescence device according to an embodi-

ment of the inventive concept;
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FIG. 3 is a schematic cross-sectional view illustrating an
organic electroluminescence device according to an embodi-
ment of the inventive concept; and

FIG. 4 is a schematic cross-sectional view illustrating an
organic electroluminescence device according to an embodi-
ment of the inventive concept.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The inventive concept may be modified in many alternate
forms, and thus specific embodiments will be depicted in the
drawings and described in detail. It should be understood,
however, that it is not intended to limit the inventive concept
to the particular forms disclosed, but rather, is intended to
cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the invention.

In the disclosure, when an element (or a region, a layer,
a portion, etc.) is referred to as being “on,” “connected to,”
or “coupled to” another element, it means that the element
may be directly disposed on/connected to/coupled to the
other element, or that a third element may be disposed
therebetween.

Like reference numerals refer to like elements. In the
drawings, the thickness, the ratio, and the dimensions of
elements may be exaggerated for an effective description of
technical contents.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
For example, “A and/or B” may be understood to mean “A,
B, or A and B.” The terms “and” and “or” may be used in
the conjunctive or disjunctive sense and may be understood
to be equivalent to “and/or”. Throughout the disclosure, the
expression “at least one of A, B, and C” may indicate only
A, only B, only C, both A and B, both A and C, both B and
C, all of A, B, and C, or variations thereof.

The term “at least one of” is intended to include the
meaning of “at least one selected from the group consisting
of” for the purpose of its meaning and interpretation. For
example, “at least one of A and B” may be understood to
mean “A, B, or A and B.” When preceding a list of elements,
the term, “at least one of,” modifies the entire list of
elements and does not modify the individual elements of the
list.

It will be understood that, although the terms “first”,
“second”, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
example embodiments of the inventive concept. The terms
of a singular form may include plural forms unless the
context clearly indicates otherwise.

Terms such as “below,” “lower,” “above,” “upper,” and
the like are used to describe the relationship of the configu-
rations shown in the drawings. The terms are used as a
relative concept and are described with reference to the
direction indicated in the drawings.

The terms “about” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
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system). For example, “about” may mean within one or
more standard deviations, or within +20%, 10%, or 5% of
the stated value.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the inventive concept pertains. It is also to be under-
stood that terms defined in commonly used dictionaries
should be interpreted as having meanings consistent with the
meanings in the context of the related art, and are expressly
defined herein unless they are interpreted in an ideal or
overly formal sense.

It should be understood that the terms “comprises,
prising,” “includes,” “including,” “have,” “having,” “con-
tains,” and/or “containing” are intended to specify the pres-
ence of stated features, integers, steps, operations, elements,
components, or combinations thereof in the disclosure, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
or combinations thereof.

Hereinafter, an organic electroluminescence device
according to an embodiment of the inventive concept and a
polycyclic compound of an embodiment included therein
will be described with reference to the accompanying draw-
ings.

FIGS. 1 to 4 are schematic cross-sectional views illus-
trating an organic electroluminescence device according to
an embodiment of the inventive concept. Referring to FIGS.
1 to 4, in an organic electroluminescence device 10 accord-
ing to an embodiment, a first electrode FL.1 and a second
electrode EL2 are disposed to face each other and an
emission layer EML, may be disposed between the first
electrode EL1 and the second electrode EL2.

Also, the organic electroluminescence device 10 of an
embodiment further includes organic layers between the first
electrode EL1 and the second electrode EL2 in addition to
the emission layer EML. The organic layers may include a
hole transport region HTR and an electron transport region
ETR. For example, the organic electroluminescence device
10 according to an embodiment may include the first elec-
trode EL1, the hole transport region HTR, the emission layer
EML, the electron transport region ETR, and the second
electrode EL2 that are sequentially stacked. The organic
electroluminescence device 10 of an embodiment may
include a capping layer CPL disposed on the second elec-
trode EL2.

The organic electroluminescence device 10 of an embodi-
ment may include a polycyclic compound of an embodi-
ment, which will be described later, in organic layers dis-
posed between the first electrode EL1 and the second
electrode EL2. For example, a polycyclic compound of an
embodiment, which will be described later, may be included
in the emission layer EML. However, the embodiment is not
limited thereto, and the organic electroluminescence device
10 of an embodiment may include a polycyclic compound
according to an embodiment, which will be described later,
not only in the emission layer EML but also in the hole
transport region HTR or electron transport region ETR,
which may be part of the organic layers disposed between
the first electrode EL1 and the second electrode EL2.

Compared to FIG. 1, FIG. 2 illustrates a schematic
cross-sectional view of an organic electroluminescence
device 10 of an embodiment, in which a hole transport
region HTR includes a hole injection layer HIL and a hole
transport layer HTL, and an electron transport region ETR
includes an electron injection layer EIL. and an electron
transport layer ETL. Compared to FIG. 1, FIG. 3 illustrates
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a schematic cross-sectional view of an organic electrolumi-
nescence device 10 of an embodiment, in which a hole
transport region HTR includes a hole injection layer HIL, a
hole transport layer HTL, and an electron blocking layer
EBL, and an electron transport region ETR includes an
electron injection layer EIL, an electron transport layer ETL,
and a hole blocking layer HBL. Compared to FIG. 2, FIG.
4 illustrates a schematic cross-sectional view of an organic
electroluminescence device 10 of an embodiment including
a capping layer CPL disposed on the second electrode EL.2.

The first electrode EL1 has conductivity. The first elec-
trode EL1 may be formed of a metal alloy or a conductive
compound. The first electrode ELL1 may be an anode. The
first electrode ELL1 may be a pixel electrode. The first
electrode EL.1 may be a transmissive electrode, a transtlec-
tive electrode, or a reflective electrode. When the first
electrode EL1 is a transmissive electrode, the first electrode
EL1 may include a transparent metal oxide such as indium
tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide (ZnO),
and indium tin zinc oxide (ITZO). When the first electrode
EL1 is a transflective electrode or a reflective electrode, the
first electrode EL.1 may include Ag, Mg, Cu, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti, a compound
thereof, or a mixture thereof (e.g., a mixture of Ag and Mg).

The first electrode ELL1 may have a multilayer structure
including a reflective film or a transflective film formed of
the above-described materials, and a transparent conductive
film formed of indium tin oxide (ITO), indium zinc oxide
(IZ20), zinc oxide (Zn0), indium tin zinc oxide (ITZO), etc.
For example, the first electrode EL.1 may have a three-layer
structure of ITO/Ag/ITO, but is not limited thereto. The
thickness of the first electrode EL.1 may be in a range of
about 1,000 A to about 10,000 A. For example, the thickness
of the first electrode EL1 may be in a range of about 1,000
A to about 3,000 A.

The hole transport region HTR is provided on the first
electrode EL1. The hole transport region HTR may include
at least one of a hole injection layer HIL, a hole transport
layer HTL, a hole buffer layer, or an electron blocking layer
EBL. The thickness of the hole transport region HTR may
be, for example, in a range of about 50 A to about 15,000 A.

The hole transport region HTR may have a single layer
formed of a single material, a single layer formed of different
materials, or a multilayer structure including multiple layers
formed of different materials.

For example, the hole transport region HTR may have a
single layer structure of a hole injection layer HIL or a hole
transport layer HTL, and may have a single layer structure
formed of a hole injection material and a hole transport
material. The hole transport region HTR may have a single
layer structure formed of a different materials, or a structure
in which a hole injection layer HIL/hole transport layer
HTL, a hole injection layer HIL/hole transport layer HTL/
hole buffer layer (not shown), a hole injection layer HIL/
hole buffer layer (not shown), a hole transport layer HTL/
hole buffer layer, or a hole injection layer HIL./hole transport
layer HTL/electron blocking layer EBL are stacked in order
from the first electrode EL1, but embodiments are not
limited thereto.

The hole transport region HTR may be formed using
various methods such as a vacuum deposition method, a spin
coating method, a cast method, a Langmuir-Blodgett (LB)
method, an inkjet printing method, a laser printing method,
and a laser induced thermal imaging (LITT) method.

The hole injection layer HIL may include, for example, a
phthalocyanine compound such as copper phthalocyanine,
N,N'-diphenyl-N,N'-bis-[4-(phenyl-m-tolyl-amino)-phe-
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nyl]-biphenyl-4,4'-diamine (DNTPD), 4,4'4"-[tris(3-meth-
ylphenyl)phenylamino|triphenylamine|(m-MTDATA), 4,4',
4"-tris(N,N-diphenylamino)triphenylamine (TDATA), 4.4',
4"-tris{N,-(2-naphthyl) —N-phenylamino)-triphenylamine
(2-TNATA), poly(3.,4-ethylenedioxythiophene)/poly(4-sty-
renesulfonate) (PEDOT/PSS), polyaniline/dodecylbenzene-
sulfonic acid (PANI/DBSA), polyaniline/camphor sulfonic
acid (PANI/CSA), polyaniline/poly(4-styrenesulfonate)
(PANL/PSS), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl-ben-
zidine (NPB), triphenylamine-containing polyetherketone
(TPAPEK), 4-isopropyl-4'-methyldiphenyliodonium tetrak-
is(pentafluorophenyl)borate, dipyrazino[2,3-f: 2'3'-h]qui-
noxaline-2,3,6,7,10,11-hexacarbonitrile (HAT-CN), etc.

The hole transport layer HTL may include, for example,
carbazole-based derivatives such as N-phenyl carbazole and
polyvinyl carbazole, fluorine-based derivatives, N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD), triphenylamine-based derivatives such as 4,4',4"-tris
(N-carbazolyl)triphenylamine (TCTA), N,N'-di(1-naphtal-
ene-1-y1)-N,N'-diphenyl-benzidine (NPB), 4,4'-cyclohex-
ylidene bis[N,N-bis(4-methylphenyl |benzenamine]
(TAPC), 4,4'-bis|N,N'-(3-tolyl)amino]-3,3'-dimethylbiphe-
nyl (HMTPD), 1,3-bis(N-carbazolyl)benzene (mCP), etc.

The thickness of the hole transport region HTR may be in
a range of about 50 A to about 10,000 A. For example, the
thickness of the hole transport region HTR may be in a range
of about 100 A to about 5,000 A. The thickness of the hole
injection region HIL may be, for example, in a range of
about 30 A to about 1,000 A, and the thickness of the hole
transport layer HTL may be in a range of about 30 A to about
1,000 A. For example, the thickness of the electron blocking
layer EBL may be in a range of about 10 A to about 1,000
A If the thicknesses of the hole transport region HIR, the
hole injection layer HIL, the hole transport layer HTL and
the electron blocking layer EBL satisty the above-described
ranges, satisfactory hole transport properties may be
achieved without a substantial increase in driving voltage.

The hole transport region HTR may further include, in
addition to the above-described materials, a charge gener-
ating material to increase conductivity. The charge generat-
ing material may be dispersed uniformly or non-uniformly
in the hole transport region HTR. The charge generating
material may be, for example, a p-dopant. The p-dopant may
be one of quinone derivatives, metal oxides, or cyano
group-containing compounds, but is not limited thereto. For
example, non-limiting examples of the p-dopant may
include quinone derivatives such as tetracyanoquinodime-
thane (TCNQ) and 2,3,5,6-tetrafluoro-7,7,8,8-tetracyano-
quinodimethane (F4-TCNQ), metal oxides such as tungsten
oxide and molybdenum oxide, etc., but is not limited thereto.

As described above, the hole transport region HTR may
further include at least one of a hole buffer layer (not shown)
or an electron blocking layer EBL in addition to the hole
injection layer HIL and the hole transport layer HTL. The
hole buffer layer (not shown) may compensate for a reso-
nance distance according to the wavelength of light emitted
from an emission layer EML to increase light emission
efficiency. Materials which may be included in the hole
transport region HTR may be used as materials which may
be included in the hole buffer layer. The electron blocking
layer EBL is a layer that serves to prevent electrons from
being injected from the electron transport region ETR to the
hole transport region HTR.

The emission layer EML may be provided on the hole
transport region HTR. The thickness of the emission layer
EML may be, for example, in a range of about 100 A to
about 1000 A. For example, the thickness of the emission
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layer EML may be in a range of about 100 A to about 300
A. The emission layer EML may have a single layer formed
of a single material, a single layer formed of different
materials, or a multilayer structure having multiple layers
formed of different materials.

In the description, the term “substituted or unsubstituted”
may indicate that one is substituted or unsubstituted with at
least one substituent selected from the group consisting of a
deuterium atom, a halogen atom, a cyano group, a nitro
group, an amine group, a silyl group, oxy group, thio group,
sulfinyl group, sulfonyl group, carbonyl group, a boron
group, a phosphine oxide group, a phosphine sulfide group,
an alkyl group, an alkenyl group, an alkoxy group, a
hydrocarbon ring group, an aryl group, and a heterocyclic
group. Hach of the substituents described above may be
substituted or unsubstituted. For example, a biphenyl group
may be interpreted as an aryl group or as a phenyl group
substituted with a phenyl group.

In the description, the term “bonded to an adjacent group
to form a ring” may indicate that one is bonded to an
adjacent group to form a substituted or unsubstituted hydro-
carbon ring, or a substituted or unsubstituted heterocycle.
The hydrocarbon ring includes an aliphatic hydrocarbon ring
and an aromatic hydrocarbon ring. The heterocycle includes
an aliphatic heterocycle and an aromatic heterocycle. The
hydrocarbon ring and the heterocycle may be monocyclic or
polycyclic. The rings formed by being bonded to each other
may be connected to another ring to form a spiro structure.

In the description, the term “bonded to an adjacent group
to form a ring” may indicate that two adjacent rings are
bonded to form a substituted or unsubstituted hydrocarbon
ring, or a substituted or unsubstituted heterocycle.

In the description, the term “an adjacent group” may mean
a substituent substituted for an atom which is directly
connected to an atom substituted with a corresponding
substituent, another substituent substituted for an atom
which is substituted with a corresponding substituent, or a
substituent sterically positioned at the nearest position to a
corresponding substituent. For example, two methyl groups
in 1,2-dimethylbenzene may be interpreted as mutually
“adjacent groups” and two ethyl groups in 1,1-diethylcyclo-
pentane may be interpreted as mutually “adjacent groups”.

In the description, examples of a halogen atom may
include a fluorine atom, a chlorine atom, a bromine atom,
and an iodine atom.

In the description, an alkyl group may be a linear,
branched, or cyclic type. The number of carbon atoms in the
alkyl group is 1 to 50, 1 to 30, 1 to 20, 1 to 10, or 1 to 6.
Examples of the alkyl group may include a methyl group, an
ethyl group, an n-propyl group, an isopropyl group, an
n-butyl group, a s-butyl group, a t-butyl group, an i-butyl
group, a 2-ethylbutyl group, a 3,3-a dimethylbutyl group, an
n-pentyl group, an i-pentyl group, a neopentyl group, a
t-pentyl group, a cyclopentyl group, a 1-methylpentyl group,
a 3-methylpentyl group, a 2-ethylpentyl group, a 4-methyl-
2-pentyl group, an n-hexyl group, a 1-methylhexyl group, a
2-ethylhexyl group, a 2-butylhexyl group, a cyclohexyl
group, a 4-methylcyclohexyl group, a 4-t-butylcyclohexyl
group, an n-heptyl group, a 1-methylheptyl group, a 2,2-
dimethylheptyl group, a 2-ethylheptyl group, a 2-butylhep-
tyl group, an n-octyl group, a t-octyl group, a 2-ethyloctyl
group, a 2-butyloctyl group, a 2-hexyloctyl group, a 3,7-
dimethyloctyl group, a cyclooctyl group, an n-nonyl group,
an n-decyl group, an adamantyl group, a 2-ethyldecyl group,
a 2-butyldecyl group, a 2-hexyldecyl group, a 2-octyldecyl
group, an n-undecyl group, an n-dodecyl group, a 2-ethyl-
dodecyl group, a 2-butyldodecyl group, a 2-hexyldocecyl
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group, a 2-octyldodecyl group, an n-tridecyl group, an
n-tetradecyl group, an n-pentadecyl group, an n-hexadecyl
group, a 2-ethylhexadecyl group, a 2-butylhexadecyl group,
a 2-hexylhexadecyl group, a 2-octylhexadecyl group, an
n-heptadecyl group, an n-octadecyl group, an n-nonadecyl
group, an n-eicosyl group, a 2-ethyleicosyl group, a
2-butyleicosyl group, a 2-hexyleicosyl group, a 2-octylei-
cosyl group, an n-henicosyl group, an n-docosyl group, an
n-tricosyl group, an n-tetracosyl group, an n-pentacosyl
group, an n-hexacosyl group, an n-heptacosyl group, an
n-octacosyl group, an n-nonacosyl group, an n-triacontyl
group, etc., but are not limited thereto.

In the description, a hydrocarbon ring may indicate any
functional group or substituent derived from an aliphatic
hydrocarbon ring. The number of ring-forming carbon
atoms in the hydrocarbon ring may be 5 to 20.

In the description, an aryl group means any functional
group or substituent derived from an aromatic hydrocarbon
ring. The aryl group may be a monocyclic aryl group or a
polycyclic aryl group. The number of ring-forming carbon
atoms in the aryl group may be 6 to 30, 6 to 20, or 6 to 15.
Examples of the aryl group may include a phenyl group, a
naphthyl group, a fluorenyl group, an anthracenyl group, a
phenanthryl group, a biphenyl group, a terphenyl group, a
quaterphenyl group, a quingphenyl group, a sexiphenyl
group, a triphenylenyl group, a pyrenyl group, a benzofluo-
ranthenyl group, a chrysenyl group, etc., but are not limited
thereto.

In the description, a heterocyclic group means any func-
tional group or substituent derived from a ring containing at
least one of B, O, N, P, Si, or S as a hetero atom. The
heterocyclic group includes an aliphatic heterocyclic group
and an aromatic heterocyclic group. The aromatic hetero-
cyclic group may be a heteroaryl group. The aliphatic
heterocycle and aromatic heterocycle may be monocyclic or
polyeyclic.

When the heterocyclic group contains two or more hetero
atoms, the two or more hetero atoms may be the same as or
different from each other. The heterocyclic group may be a
monocyclic heterocyclic group or a polycyclic heterocyclic
group, and include a heteroaryl group conceptually. The
number of ring-forming carbon atoms in in the heterocyclic
group may be 2 to 30, 2 to 20, or 2 to 10.

The number of ring-forming carbon atoms in the aliphatic
heterocyclic group may be 2 to 30, 2 to 20, or 2 to 10.
Examples of the aliphatic heterocyclic group include an
oxirane group, a tyran group, a pyrrolidine group, a piperi-
dine group, a tetrahydrofuran group, a tetrahydrothiophene
group, a thian group, a tetrahydropyran group, a 1,4-dioxane
group, etc., but are not limited to thereto.

When the heteroaryl group contains two or more hetero
atoms, the two or more hetero atoms may be the same as or
different from each other. The heteroaryl group may be a
monocyclic heteroaryl group or a polycyclic heteroaryl
group. The number of ring-forming carbon atoms in the
heteroaryl group may be 2 to 30, 2 to 20, or 2 to 10.
Examples of the heteroaryl group may include a thiophene
group, a furan group, a pyrrole group, an imidazole group,
a triazole group, a pyridine group, a bipyridine group, a
pyrimidine, a triazine group, a triazole group, an acridyl
group, a pyridazine group, a pyrazinyl group, a quinoline
group, a quinazoline group, a quinoxaline group, a phe-
noxazine group, a phthalazine group, a pyrido pyrimidine
group, a pyrido pyrazine group, a pyrazino pyrazine group,
an isoquinoline group, an indole group, a carbazole group,
an N-arylcarbazole group, an N-heteroarylcarbazole group,
an N-alkylcarbazole group, a benzoxazole group, a benzo-
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imidazole group, a benzothiazole group, a benzocarbazole
group, a benzothiophene group, a dibenzothiophene group,
a thienothiophene group, a benzofuran group, a phenanthro-
line group, a thiazole group, an isoxazole group, an oxazole
group, an oxadiazole group, a thiadiazole group, a phenothi-
azine group, a dibenzosilole group, a dibenzofuran group,
etc., but are not limited thereto.

In the description, the number of carbon atoms in an
amine group is not particularly limited, but may be 1 to 30.
The amine group may include an alkyl amine group and an
aryl amine group. Examples of the amine group include a
methylamine group, a dimethylamine group, a phenylamine
group, a diphenylamine group, a naphthylamine group, a
9-methyl-anthracenylamine group, a triphenylamine group,
etc., but are not limited thereto.

In the description, the aryl group in the aryl amine group
is the same as the above-described examples of the aryl
group.

In the description, a direct linkage may refer to a single
linkage.

In the description, refers to a position to be con-
nected, and * indicates a binding site to a neighboring atom.

An emission layer EML of an organic electrolumines-
cence device 10 of an embodiment may include a polycyclic
compound of an embodiment represented by Formula 1
below.

“_g”

v v [Formula 1]
v R
L I
s
<Rz>b/ N \<R3>c
YZ/ | ? ? | \Y7
| |
Y1§| I|\I X | /YS
LM T Ra)a

In Formula 1, X, may be NAr,, O, or S.

In Formula 1, Y, to Yz may each independently be CM,
or a carbon atom bonded to a group represented by Formula
2. Each M, may independently be a hydrogen atom, a
deuterium atom, a halogen atom, a substituted or unsubsti-
tuted amine group, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, a substituted or unsubstituted
aryl group having 6 to 30 ring-forming carbon atoms, or a
substituted or unsubstituted heteroaryl group having 2 to 30
ring-forming carbon atoms, or bonded to an adjacent group
to form a ring.

For example, M, may be a hydrogen atom or a deuterium
atom. However, the embodiment is not limited thereto.

In Formula 1, Ar, and Ar, may be each independently a
substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms.
For example, Ar, and Ar, may be each independently a
substituted or unsubstituted phenyl group. For example, Ar,
and Ar, may be each independently an unsubstituted phenyl
group or a phenyl group in which deuterium is substituted.

In Formula 1, R, to R; may be each independently a
hydrogen atom, a deuterium atom, a halogen atom, a sub-
stituted or unsubstituted amine group, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
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ring-forming carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms,
or bonded to an adjacent group to form a ring. For example,
R, to R, may be each independently a hydrogen atom or a
deuterium atom. For example, R may be a hydrogen atom.
However, the embodiment is not limited thereto.

In Formula 1, a, b, ¢, and d may each independently be an
integer from O to 2. For example, a, b, ¢, and d may each be
0.

At least one group represented by Formula 2 may be
bonded to at least one pair of substituents, wherein the at
least one pair of substituents may be selected from the group
consisting of Y, andY,, Y; andY,, Y5 and Y, and Y, and
Y. For example, one or two groups represented by Formula
2 below may be bonded to the polycyclic compound repre-
sented by Formula 1. However, the embodiment is not
limited thereto.

[Formula 2]
(R7)/\
X3
B\ X
(Re)e™
/*
X2

In Formula 2, each X, and each X5 may independently be
NAr;, O, or S.

In Formula 2, each Ar; may independently be a substi-
tuted or unsubstituted aryl group having 6 to 30 ring-
forming carbon atoms or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms.
For example, Ar; may be an unsubstituted phenyl group or
a phenyl group in which deuterium is substituted.

In Formula 2, each R, and each R, may independently be
a hydrogen atom, a deuterium atom, a halogen atom, a
substituted or unsubstituted amine group, a substituted or
unsubstituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms,
or bonded to an adjacent group to form a ring. For example,
each Ry and each R, may independently be a hydrogen atom,
a deuterium atom, a substituted or unsubstituted arylamine
group, or a substituted or unsubstituted alkyl group having
1 to 5 carbon atoms. For example, each R and each R, may
independently be an unsubstituted methyl group, an unsub-
stituted isopropyl group, an unsubstituted t-butyl group, a
substituted or unsubstituted biphenyl amine group, or an
unsubstituted phenyl group.

In Formula 2, each e may be an integer from 0 to 3. For
example, e may be 0 or 1.

In Formula 2, each f may be an integer from O to 4. For
example, f may be 0 or 1.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by one of Formulas 1-1a
to 1-1c:
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(Ro)s Rs3)e
B B
Tz/ | | o~ T7
Y1§ N N | /Ys
| |
Ra Ar Rs Any Ra)a
[Formula 1-1b]
Y. Y
Sﬂs/ S | ’ JYG
&’
P>
<Rz>b/ N \<R3>c
B B
Tz/ | | o~ T7
Vi o Ys
X “
-y o
R Any Rs (Ry)a
[Formula 1-1¢]
Y. Ys

The case in which X, is NAr2, O, and S in Formula 1 is
embodied in Formulas 1-1a to 1-1c, respectively.

In Formulas 1-1a to 1-1c, the same description as men-
tioned above in Formulas 1 and 2 may be applied to Y, to
Yy, Ary, Ar,, and R, to Rs.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by one of Formulas 1-2a
to 1-2c:

[Formula 1-2a
. 3/Y4\ Ys v
| |
N A
y# ? ? Ny,
| |
SeoYeV
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-continued

[Formula 1-2b]
D D

Ar
[Formula 1-2¢]
Yy DD Ys
7S Y
b N Pl
D D
D B, i B D
D lel Xi D
D Ar D

The case in which R, to R; are hydrogen atoms or
deuterium atoms in the polycyclic compound represented by
Formula 1 is embodied in Formulas 1-2a to 1-2c.

In Formulas 1-2a to 1-2c, positions where a group rep-
resented by Formula 2 is bonded to the polycyclic com-
pound represented by Formula 1 are represented by Y, to Y.

In Formula 1-2a to Formula 1-2c, the same description as
mentioned above in Formulas 1 and 2 may be applied to X,
Y, to Y, and Ar,.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by Formula 3-1 or
Formula 3-2:

[Formula 3-1]
Ry)a N (RZ)“\ N S (R3)e1
) B
X5 x F N P
B B B
7 Z AN
Reer— | ~ | | P
~ X5 / N X1 \
R Lk Re)an
[Formula 3-2]
Ra)p1 (Ra)e1 Ro2)p
Y ()
F N F F Xa
B B B
Re2)e2
A Il\I X; \/ F
®Ra Ay Rs Relas
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Positions where a group represented by Formula 2 is
bonded to the compound represented by Formula 1 are
embodied in Formulas 3-1 and 3-2.

The case in which a group represented by Formula 2 is
bonded to Y, and Y, in Formula 1 is embodied in Formula
3-1. The case in which a group represented by Formula 2 is
bonded to Y, and Y, in Formula 1 is embodied in Formula
3-2.

In Formulas 3-1 and 3-2, X, ,, X,,, X5, and X, may each
independently be NAr,, O, or S. For example, X,,, X5, X531,
and X;, may be each independently NAr, or O.

In Formulas 3-1 and 3-2, each Ar, may independently be
a substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms.
For example, Ar, may be an unsubstituted phenyl group.
However, the embodiment is not limited thereto.

In Formulas 3-1 and 3-2, R¢;, R4, R, and R, may each
independently be a hydrogen atom, a deuterium atom, a
halogen atom, a substituted or unsubstituted amine group, a

Ropp \ Ra)p1
// | | \
X0 x F
B B
208
Rener™ e
~ X3 D, Il‘I
R a
(Rpa Ary
®Rs)n \ (Rz)bl
X x F
B
= 7
Reer— | |
A X \/ N
Rpal |
Ary
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substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted aryl group
having 6 to 30 ring-forming carbon atoms, or a substituted
or unsubstituted heteroaryl group having 2 to 30 carbon
atoms, or bonded to an adjacent group to form a ring. For
example, Rq,, Re,, R, and R, may be each independently
a hydrogen atom, a methyl group, or an unsubstituted
biphenyl amine group. However, the embodiment is not
limited thereto.

In Formulas 3-1 and 3-2, al and d1 may each indepen-
dently be an integer from 0 to 2. bl and ¢l may each
independently be an integer from O to 4. el and e2 may each
independently be an integer from 0 to 3. f1 and {2 may each
independently be an integer from 0 to 4. For example, al, b1,
cl, dl, el, e2, fl, and f2 each may be O.

The same description as mentioned above in Formulas 1
and 2 may be applied to X,, Ar;, and R, to R,.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by one of Formulas 4-1a
to 4-1d:

[Formula 4-1a]

(R3)c1 (R72)/z
\/ Q\
\(RGZ)eZ
Rs (R4)d1
[Formula 4-1b]
(Re2)e2
A |
N
\ /
| /(R72)f2
AT
m
Z
X \
(Ra)ar
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[Formula 4-1¢]

[Formula 4-1d]

65
-continued
(Re1)el
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L | | |
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I ®
. o
& g
e i O

Ar)

Positions where two groups represented by Formula 2 are
bonded to the compound represented by Formula 1 are
embodied in Formulas 4-1a to 4-1d.

In Formulas 4-1a to 4-1d, X,,, X,,, X5, and X5, may
each independently be NAr,, O, or S. In an embodiment, a
polycyclic compound represented by Formula 4-la may
have a line-symmetrical structure with respect to an imagi-
nary line passing through a central nitrogen atom and R..
For example, in the polycyclic compound represented by
Formula 4-la, X,=NAr,, X,,=X,,, X;,=X;,, R;=R,,
R,=R;, R¢;=R¢,, R, =R,, al=dl, bl=cl, el=e2, and f1=f2.
However, the embodiment is not limited thereto.

In an embodiment, a polycyclic compound represented by
Formula 4-1d may have a line-symmetrical structure with
respect to an imaginary line passing through a central
nitrogen atom and Rs. For example, in the polycyclic
compound represented by Formula 4-1d, X,=NAr,,
Xo1=X2 X517°Xaz Ri=R,, Ry=R;, Re=Res, R;=Ros,
al=dl, bl=cl, el=e2, and f1=2. However, the embodiment
is not limited thereto.

In Formulas 4-1a to 4-1d, each Ar, may independently be
a substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms.
For example, Ar, may be an unsubstituted phenyl group or
a phenyl group in which deuterium is substituted.

In Formulas 4-1a to 4-1d, R¢;, Re,, R, and R, may be
each independently a hydrogen atom, a deuterium atom, a
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halogen atom, a substituted or unsubstituted amine group, a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted aryl group
having ring-forming 6 to 30 carbon atoms, or a substituted
or unsubstituted heteroaryl group having 2 to 30 ring-
forming carbon atoms, or bonded to an adjacent group to
form a ring. For example, Ry, R¢,, R;;, and R, may each
independently be a hydrogen atom, a deuterium atom, a
substituted or unsubstituted arylamine group, or a substi-
tuted or unsubstituted alkyl group having 1 to 5 carbon
atoms. For example, Ry, Ry,, R,;, and R, may be each
independently an unsubstituted methyl group, an unsubsti-
tuted isopropyl group, an unsubstituted t-butyl group, a
substituted or unsubstituted biphenyl amine group, or an
unsubstituted phenyl group.

In Formulas 4-1a to 4-1d, al, b2, ¢2, and d1 may each
independently be an integer from O to 2. a2, bl, c1, and d2
may each independently be an integer from 0 to 4. el and e2
may each independently an integer from O to 3. fl and 2
may each independently be an integer from O to 4. For
example, al, a2, bl,b2,cl,c2,d1,d2,el, e2, fl, and f2 each
may be 0.

The same description as mentioned above in Formulas 1
and 2 may be applied to X,, Ar;, and R, to R,.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by one of Formulas 4-2a
to 4-2d:
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2 [Formula 4-2a]
- N
’d | | N
X3 N N 7 X35
B B B B
) )
ReDer™ T J~Re)a
~ X3 N X X5 7
Ary
[Formula 4-2b]
(Re2)e2
Y |
X2 N X3
R0 N B =
- | :/(R72)f2
X A N x
B B B
g ﬁ[ 1
Reei™ o
\ X3 N Xi
Ary
[Formula 4-2¢]
(Ré1)el
|\ A
X31 7 Xa1

R72)p
~ A
Ry \: |
F N F X5y
T Ree2
N X X Z

22
AI]

[Formula 4-2d]
(Rél)el\ (Re2)e2

/
X31 % Xa1 X2 X3
B B
g N t\
N Ro)p
. f B
N X;

2
B
Ary
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The case in which R, to Rs each are a hydrogen atom in
Formulas 4-1ato 4-1d is embodied in Formulas 4-2a to 4-2d.

In Formulas 4-2a to 4-2d, the same description as men-
tioned above in Formulas 1, 2, and 4-la to 4-1d may be
applied to X, X5, X2, X315 Xaz. Rers Reze Ryps Ry, Ary,
el, €2, f1 and 2.

In an embodiment, the polycyclic compound represented
by Formula 1 may be represented by Formula 5-1 or
Formula 5-2.

(Ry)r

\/
X3 N ; SN
~ B B B
R e | l l
\ Xz N X]
Ary

(Rﬁ)e \ (Ré)e

/
X5 % X3
B

X3

% X
©/B
Ry N
B

Ary

The case of having a partially symmetrical structure in
Formulas 4-2a and 4-2d is embodied in Formulas 5-1 and
5-2 respectively. In an embodiment, in Formulas 5-1 and
5-2, X, may be NAr,. However, the embodiment is not
limited thereto, and in an embodiment, X, may be O or S.
For example, X, may be O.

In Formulas 5-1 and 5-2, the same description as men-
tioned above in Formulas 1 and 2 may be applied to X, X,
X5, Ary, R, R, e, and £

The polycyclic compound of an embodiment includes
fused aromatic rings formed around a boron atom and a
nitrogen atom, and thus has a multi-resonant molecular
skeleton, and even in an excited state, changes in the
molecular skeleton may be minimized.

Accordingly, the organic electroluminescence device of
an embodiment includes the polycyclic compound of an
embodiment in the emission layer EML, and may thus have
high light emission efficiency.

In an embodiment, the polycyclic compound represented
by Formula 1 may be one selected from one of the com-
pounds represented by Compound Group 1. Compound
Group 1 includes Compounds 1 to 99:

(Ry)r

e

<
R7)r
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[Formula 5]

[Formula 5]
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The polycyclic compound of an embodiment may be used
as a blue light emitting material. For example, the polycyclic
compound of an embodiment may be used as a light emitting
material that emits blue light having a central emission
wavelength in a wavelength range of less than or equal to
about 470 nm. For example, the polycyclic compound of an
embodiment may be a light emitting material having a
central emission wavelength in a wavelength range of about
430 nm to about 470 nm. The polycyclic compound of an
embodiment represented by Formula 1 may be a blue
thermally activated delayed fluorescence dopant.

The polycyclic compound of an embodiment includes
fused aromatic rings formed around a boron atom and a
nitrogen atom, and may thus have a multi-resonant molecu-
lar skeleton. Accordingly, the polycyclic compound may be
provided in a form in which aromatic rings are bonded to
each other to maintain a stable molecular structure. The
organic electroluminescence device of an embodiment
includes the polycyclic compound of an embodiment
described above in an emission layer, and may thus have
excellent light emission efficiency.

In the organic electroluminescence device 10 of an
embodiment, the emission layer EML may emit delayed
fluorescence. For example, the emission layer EML may
emit thermally activated delayed fluorescence (TADF).

Although not shown in the drawings, the organic elec-
troluminescence device 10 of an embodiment may include
emission layers. The emission layers may be sequentially
stacked and provided, and for example, the organic elec-
troluminescence device 10 including emission layers may
emit white light. The organic electroluminescence device
including emission layers may be an organic electrolumi-
nescence device having a tandem structure. When the
organic electroluminescence device 10 includes emission
layers, at least one emission layer EML may include the
polycyclic compound of an embodiment described above.

The emission layer EML may include a first compound
and a second compound different from the first compound,
and the first compound may include a polycyclic compound
of an embodiment. For example, the emission layer EML
may include a host and a dopant, and may include the
polycyclic compound of an embodiment described above as
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a dopant. For example, in the organic electroluminescence
device 10 of an embodiment, the emission layer EML may
include a host for delayed fluorescence emission and a
dopant for delayed fluorescence emission, and may include
the polycyclic compound of an embodiment described above
as a dopant for delayed fluorescence emission. The emission
layer EML may include at least one of the polycyclic
compounds represented by Compound Group 1 described
above as a thermally activated delayed fluorescence dopant.

In an embodiment, the emission layer EML may be a
delayed fluorescence emission layer, and the emission layer
EML may include a known host material and the polycyclic
compound of an embodiment described above. For example,
in an embodiment, the polycyclic compound may be used as
a TADF dopant.

The polycyclic compound of an embodiment may be a
thermally activated delayed fluorescence host, or a phos-
phorescence host. The emission layer EML including the
polycyclic compound of an embodiment may be a phospho-
rescence emission layer or a thermally activated delayed
fluorescence emission layer. For example, the emission layer
EML may be a thermally activated delayed fluorescence
emission layer.

The emission layer EML. may include one or two or more
polycyclic compounds of Compound Group 1 described
above.

In the organic electroluminescence device 10 of an
embodiment, the emission layer EML may include a known
host material. For example, the emission layer EML may
include, as a host material, at least one of bis[2-(diphe-
nylphosphino)phenyl]ether oxide (DPEPO), 4,4'-bis(N-car-
bazolyl)-1,1'-biphenyl (CBP), 1,3-bis(carbazolyl-9-yl)ben-
zene (mCP), tris(4-carbazoyl-9-ylphenyl)amine (TCTA), or
1,3,5-tris (1-phenyl-1H-benzo [d] imidazol-2-yl) benzene
(TPBI). However, the embodiment is not limited thereto. For
example, tris(8-hydroxyquinolino)aluminum (Alq;), poly
(N-vinylcarbazole) (PVK), 9,10-di(naphthalene-2-yl)an-
thracene (ADN), 3-tert-butyl-9,10-di(naphth-2-yl)anthra-
cene (TBADN), distyrylarylene (DSA), 4,4-bis(9-
carbazolyl)-2,2'-dimethyl-biphenyl (CDBP), 2-methyl-9,10-
bis(naphthalen-2-yl)anthracene =~ (MADN), hexaphenyl
cyclotriphosphazene (CP1), 1,4-bis(triphenylsilyl)benzene
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(UGH,), hexaphenylcyclotrisiloxane (DPSiO;), octaphenyl-
cyclotetrasiloxane (DPSiO,), etc. may be used as a host
material.

In the organic electroluminescence device 10 of an
embodiment, the emission layer EML may include an
anthracene derivative, a pyrene derivative, a fluoranthene
derivative, a chrysene derivative, a dihydrobenzanthracene
derivative, or a triphenylene derivative. For example, the
emission layer EML may include an anthracene derivative or
a pyrene derivative.

The emission layer EML may include an anthracene
derivative represented by Formula G below.

[Formula G]

In Formula G, R;, to R,, may each independently be a
hydrogen atom, a deuterium atom, a halogen atom, a sub-
stituted or unsubstituted silyl group, a substituted or unsub-
stituted alkyl group having 1 to 10 carbon atoms, a substi-
tuted or unsubstituted aryl group having 6 to 30 ring-
forming carbon atoms, or a substituted or unsubstituted
heteroaryl group having 2 to 30 ring-forming carbon atoms,
or bonded to an adjacent group to form a ring. R, to R,
may be bonded to an adjacent group to form a saturated
hydrocarbon ring or unsaturated hydrocarbon ring.

In Formula G, p and q may each independently be an
integer from 0 to 5.

Formula G may be represented by one of Compounds G-1

to G-16:
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In an embodiment, the emission layer EML may further
include a known dopant material. In an embodiment, the
emission layer EML may further include, as a dopant, styryl
derivatives (e.g., 1,4-bis[2-(3-N-ethylcarbazoryl)vinyl|ben-
zene (BCzVB), 4-(di-p-tolylamino)-4"-[(di-p-tolylamino)
styryl]stilbene (DPAVB), and N-(4-((E)-2-(6-((E)-4-(diphe-
nylamino) styryl)naphthalen-2-yl)vinyl)phenyl)-N-phenyl-
benzenamine (N-BDAVBI), perylene and the derivatives
thereof (e.g., 2,5,8,11-tetra-t-butylperylene (TBP), pyrene
and the derivatives thereof (e.g., 1, 1-dipyrene, 1,4-dipyre-
nylbenzene, 1,4-bis(N,N-diphenylamino)pyrene, etc.

In the organic electroluminescence device 10 of an
embodiment illustrated in FIGS. 1 to 4, an electron transport
region ETR is provided on the emission layer EML. The
electron transport region ETR may include at least one of a
hole blocking layer HBL, an electron transport layer ETL, or
an electron injection layer EIL, but the embodiment of the
inventive concept is not limited thereto.

The electron transport region ETR may have a single
layer formed of a single material, a single layer formed of
different materials, or a multilayer structure including mul-
tiple layers formed of different materials.

For example, the electron transport region ETR may have
a single layer structure of an electron injection layer EIL or
an electron transport layer ETL, and may have a single layer
structure formed of an electron injection material and an
electron transport material. The electron transport region
ETR may have a single layer structure formed of different
materials, or may have a structure in which an electron
transport layer ETL/electron injection layer EIL and a hole
blocking layer HBL/electron transport layer ETL/electron
injection layer EIL are stacked in order from the emission
layer EML, but is not limited thereto. The thickness of the
electron transport region ETR may be, for example, in a
range of about 1,000 A to about 1,500 A.

The electron transport region ETR may be formed using
various methods such as a vacuum deposition method, a spin
coating method, a cast method, a Langmuir-Blodgett (LB)
method, an inkjet printing method, a laser printing method,
a laser induced thermal imaging (LLITI) method, etc.

When the electron transport region ETR includes the
electron transport layer ETL, the electron transport region
ETR may include an anthracene-based compound. However,
the embodiment of the inventive concept is not limited
thereto, and the electron transport region may include, for
example, tris(8-hydroxyquinolinato)aluminum (Alg;), 1,3,
5-tri[(3-pyridyl)-phen-3-yl|benzene, 2,4,6-tris(3'-(pyridin-
3-yDbiphenyl-3-yl)-1,3,5-triazine, 2-(4-(N-phenylbenzoimi-
dazolyl-1-ylphenyl)-9,10-dinaphthylanthracene, 1,3,5-tri(1-
phenyl-1H-benzo[d]imidazol-2-yl)benzene (TPBi), 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP), 4,7-
diphenyl-1,10-phenanthroline (Bphen), 3-(4-biphenylyl)-4-
phenyl-5-tert-butylphenyl-1,2.4-triazole (TAZ),
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4-(naphthalen-1-y1)-3,5-diphenyl-4H-1,2 4-triazole
(NTAZ), 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxa-
diazole (tBu-PBD), bis(2-methyl-8-quinolinolato-N1,08)-
(1,1'-biphenyl-4-olato)aluminum (BAlq), berylliumbis(ben-
zoquinolin-10-olate  (Bebg2), 9,10-di(naphthalene-2-yl)
anthracene  (ADN),  1,3-bis[3,5-di(pyridin-3-yl)phenyl]
benzene (BmPyPhB) or a mixture thereof. The thickness of
the electron transport layer ETL may be in a range of about
100 A to about 1,000 A. For example, the thickness of the
electron transport layer ETL may be in a range of about 150
A to about 500 A. If the thickness of the electron transport
layer ETL satisfies the above-described range, satisfactory
electron transport properties may be obtained without a
substantial increase in driving voltage.

When the electron transport region ETR includes the
electron injection layer EIL, the electron transport region
ETR may be a halogenated metal such as LiF, NaCl, CsF,
RbCI, Rbl, and Cul, a lanthanide metal such as Yb, a metal
oxide such as Li,O and BaO, or lithium quinolate (LiQ), but
is not limited thereto. The electron injection layer EIL. may
also be formed of a mixed material of an electron transport
material and an insulating organo-metal salt. The organo-
metal salt may be a material having an energy band gap of
about 4 eV or more. The organo-metal salt may include, for
example, metal acetates, metal benzoates, metal acetoac-
etates, metal acetylacetonates, or metal stearates. The thick-
ness of the electron injection layer EIL, may be in a range of
about 1 A to about 100 A. For example, the thickness of the
electron injection layer EIL may be in a range of about 3 A
to about 90 A. If the thickness of the electron injection layers
EIL satisfies the above-described range, satisfactory electron
injection properties may be obtained without a substantial
increase in driving voltage.

As described above, the electron transport region ETR
may include a hole blocking layer HBL. The hole blocking
layer HBL may include, for example, at least one of 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP) and 4,7-
diphenyl-1,10-phenanthroline (Bphen), but is not limited
thereto.

The second electrode EL2 is provided on the electron
transport region ETR. The second electrode EL2 may be a
common electrode or a cathode. The second electrode EL2
may be a transmissive electrode, a transflective electrode, or
a reflective electrode. If the second electrode EL2 is a
transmissive electrode, the second electrode EL2 may
include a transparent metal oxide, for example, indium tin
oxide (ITO), indium zinc oxide (IZO), zinc oxide (ZnO), or
indium tin zinc oxide (ITZO).

If the second electrode EL2 is a transflective electrode or
a reflective electrode, the second electrode EL.2 may include
Ag, Mg, Cu, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca,
LiF/Al, Mo, Ti, a compound thereof, or a mixture thereof
(e.g., a mixture of Ag and Mg). The second electrode EL.2
may have a multilayer structure including a reflective film or
a transflective film formed of the above-described materials,
and a transparent conductive film formed of indium tin oxide
(ITO), indium zinc oxide (I1Z0), zinc oxide (ZnO), indium
tin zinc oxide (ITZO), etc.

Although not shown, the second electrode EL.2 may be
connected to an auxiliary electrode. If the second electrode
EL2 is connected to the auxiliary electrode, the resistance of
the second electrode EL.2 may decrease.

A capping layer CPL may be further disposed on the
second electrode EL2 of the organic electroluminescence
device 10 of an embodiment. The capping layer CPL, may
include a multilayer or a single layer.
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In an embodiment, the capping layer CPL may be an
organic layer or an inorganic layer. For example, when the
capping layer CPL includes an inorganic material, the inor-
ganic material may include an alkali metal compound such
as LiF, an alkaline earth metal compound such as MgF,,
SiON, SiNX, SiOy, etc.

For example, when the capping layer CPL includes an
organic material, the organic material may include a-NPD,
NPB, TPD, m-MTDATA, Alq,, CuPc, N4,N4,N4' N4'-tetra
(biphenyl-4-yl) biphenyl-4,4'-diamine (TPDI15), 4,4'4"-tris
(carbazol sol-9-yDtriphenylamine (TCTA), etc., or may
include epoxy resins or acrylates such as methacrylate.
However, the embodiment is not limited thereto, and com-
pounds P1 to P5 below may also be included.

o
—

o
S}

:

o o “?‘
%
R ndas

o¥e
:
Y
ool

10

15

20

25

30

35

40

45

50

55

60

65

116

-continued
P4
. N

b

P5

The organic electroluminescence device 10 according to
an embodiment of the inventive concept may include the
polycyclic compound of an embodiment described above in
the emission layer EML disposed between the first electrode
EL1 and the second electrode EL2 to achieve excellent light
emission efficiency. The polycyclic compound according to
an embodiment may be a thermally activated delayed fluo-
rescence dopant, and the emission layer EML may include
the polycyclic compound of an embodiment to emit ther-
mally activated delayed fluorescence, thereby achieving
good light emission efficiency.

The polycyclic compound of an embodiment described
above may be included as a material for the organic elec-
troluminescence device 10 in an organic layer other than the
emission layer EML. For example, the organic electrolumi-
nescence device 10 according to an embodiment of the
inventive concept may include the polycyclic compound
described above in at least one functional layer disposed
between the first electrode EL1 and the second electrode
EL2 or in the capping layer CPL disposed on the second
electrode EL2.

The polycyclic compound of an embodiment described
above may have a multi-resonant molecular skeleton where
aromatic rings are fused around B, N, O, and S. Accordingly,
the polycyclic compound according to an embodiment may
maintain a stable molecular structure and exhibit a high
lowest triplet excitation energy level, and may thus be used
as a delayed fluorescence light emitting material. The
organic electroluminescence device of an embodiment
including the polycyclic compound of an embodiment in the
emission layer may exhibit high light emission efficiency.

Hereinafter, with reference to Examples and Comparative
Examples, a polycyclic compound according to an embodi-
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ment of the inventive concept and an organic electrolumi- the understanding of the inventive concept, and the scope of
nescence device of an embodiment will be described in the inventive concept is not limited thereto.
detail. The Examples shown below are illustrated only for [Example Compounds]
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[Comparative Example Compounds] of synthesizing a polycyclic compound, which will be
described hereinafter, is provided as an example, and thus a

25 process of synthesizing a polycyclic compound according to

X1 an embodiment of the inventive concept is not limited to

Examples below.
B 30 1-1. Synthesis of Compound 2

N
Br H
B Pd2(dba)s,
Ruphos
40
N N tBuONa
Br Br

N 45

X3
50
® ) o
O QO :
N N
B B 55
OO0 Y A
N N N N Pd(OAC),,
Xantphos
B S
O Q 60 tBuONa
HN
1. Synthesis Examples
65

A polycyclic compound according to an embodiment may
be synthesized, for example, as follows. However, a process
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A. Synthesis of Compound A

1,3,5-tribromobenzene (25.0 g, 79 mmol), diphenylamine
(11.2 g, 66 mmol), tris(dba)dipalladium(0) (Pd,(dba),, 1.51
g, 1.7 mmol), 2-dicyclohexylphosphino-2', 6'-diiso-
propoxybiphenyl (ruphos, 1.3 g, 2.8 mmol), and sodium
tert-butoxide (‘BuONa, 7.6 g, 79 mmol) were added to
toluene (400 ml) and heated at 80° C. for 5 hours. After
cooling, toluene and water were added and separated. An
organic layer was concentrated, purified by column chro-
matography (silicagel), concentrated, filtered, and washed
with hexane to obtain Compound A (18.1 g, yield 68%).

B. Synthesis of Compound B

3-phenoxy-N-phenylaniline (15.0 g, 57 mmol), 1-bromo-
3-iodobenzene (17.9 g, 63 mmol), palladium(Il) acetate
(Pd(OAC),, 28 mg, 1.3 mmol), 4,5-bis(diphenylphosphino)-
9,9-dimethylxanthene (xantphos, 1.46 g, 2.5 mmol) and
‘BuONa (6.60 g, 69 mmol) were added to toluene (400 ml)
and heated at 80° C. for 5 hours. After cooling, toluene and
water were added and separated. An organic layer was
concentrated, purified by column chromatography (silica-
gel), concentrated, filtered, and washed with hexane to
obtain Compound B (16.7 g, yield 70%).

C. Synthesis of Compound C

Compound B (16.0 g, 38 mmol), aniline (3.60 g, 38
mmol), palladium (0)bis(dibenzylideneacetone) (Pd(dba),,
1.10 g, 2 mmol), tri-tert-butylphosphonium tetrafluoroborate
(PtBu;-HBF,, 0.42 g, 2.3 mmol), ‘BuONa (4.43 g, 46 mmol)
were added to toluene (400 ml), and heated at 80° C. for 5
hours. After cooling, toluene and water were added and
separated. An organic layer was concentrated, purified by
column chromatography (silicagel), concentrated, filtered,
and washed with hexane to obtain Compound C (12.4 g,
yield 75%).

D. Synthesis of Compound D

Using Compound B (12.3 g, 27 mmol) and Compound A
(5.50 g, 13.6 mmol), Compound D (13.2 g, yield 88%) was
obtained in the same manner as the synthesis of Compound
C.

E. Synthesis of Compound 2

Compound D (13.2 g, 12 mmol) was added to 1,2-
dichlorobenzene (ODCB, 127 ml), BBr; (12.0 g) was added,
and the mixture was heated at 150° C. for 20 hours. After
cooling, triethylamine (TEA, 36 g, 0.36 mol) was added,
toluene was added to dissolve, water was added and sepa-
rated, and an organic layer was concentrated and purified by
column chromatography (silicagel) to obtain Compound 2
(2.90 g, yield 22%). After performing sublimation purifica-
tion (410° C., 3.7x107> Pa), device evaluation was con-
ducted. FAB-MS referred to m/z=1130 (M*+1)
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A. Synthesis of Compound E
20

3-(diphenylamino)phenol (10.0 g, 57 mmol), 1-bromo-3-
fluorobenzene (19.4 g, 74 mmol), and Cs,CO; (37.2 g, 0.11
mol) were added to 1-methyl-2-pyrrolidinone (NMP, 100
ml) and stirred at 150° C. for 20 hours. Water and toluene
were added and separated. An organic layer was concen-
trated, purified by column chromatography (silicagel), con-
centrated, filtered, and washed with hexane to obtain Com-
pound E (16.7 g, yield 70%).

B. Synthesis of Compound F

In Compound E, Compound F was obtained in the same
manner as the synthesis of Compound 2 (16.0 g, 38 mmol)
(104 g, yield 65%).

C. Synthesis of Compound G

In Compound F and aniline (3.5 g, 38 mmol), Compound
G (12.8 g, yield 78%) was obtained in the same manner as
the synthesis of Compound C.

D. Synthesis of Compound H

In Compound G (15.5 g, 36 mmol) and Compound A (7.5
g, 17 mmol), Compound H (14.1 g, yield 74%) was obtained
in the same manner as the synthesis of Compound D.

E. Synthesis of Compound 4

In Compound H (13.0 g, 12 mmol), Compound 4 (2.60 g,
yield 20%) was obtained in the same manner as the synthesis
of Compound 2. After performing sublimation purification
(415° C., 3.8x107> Pa), device evaluation was conducted.
FAB-MS referred to m/z=1130 (M*+1)

1-3. Synthesis of Compound 6
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A. Synthesis of Compound I

Compound I (13.6 g, yield 77%) was synthesized under
the same conditions as the synthesis of Compound E in
3-phenoxyphenol (13.8 g, 74 mmol) and 1-bromo-3-fluo-
robenzene (10.0 g, 57 mmol).

B. Synthesis of Compound J

Compound J (11.5 g, yield 87%) was synthesized in the
same manner as the synthesis of Compound 2 in Compound
1(13.2 g, 39 mmol).

C. Synthesis of Compound K

Compound K (10.5 g, yield 92%) was obtained in the
same manner as the synthesis of Compound C in Compound
J (11.0 g, 32 mmol) and aniline (2.90 g, 32 mmol).

D. Synthesis of Compound L

Compound L (11.2 g, yield 85%) was obtained in the
same manner as the synthesis of Compound D in Compound
K (10.3 g, 29 mmol) and Compound A (5.5 g, 14 mmol).

E. Synthesis of Compound 6

Compound 6 (2.0 g, yield 18%) was obtained in the same
manner as the synthesis of Compound 2 in Compound L
(11.0 g, 11 mmol). After performing sublimation purification
(390° C., 3.5x107> Pa), device evaluation was conducted.
FAB-MS referred to m/z=980 (M*+1)

1-4. Synthesis of Compound 28
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A. Synthesis of Compound M

Compound M (17.7 g, yield 79%) was synthesized in the
same manner as the synthesis of Compound A in 1,3-
dibromo-5-fluorobenzene (20.0 g, 79 mmol) and diphe-
nylamine (11.1 g, 66 mmol).

B. Synthesis of Compound N

Compound N (15.1 g, yield 85%) was synthesized in the
same manner as the synthesis of Compound C in Compound
M (17.2 g, 50 mmol) and aniline (4.7 g, 50 mmol).

C. Synthesis of Compound O

N'-(3-bromophenyl)-N1, N3 ,N3-triphenylbenzene-1,3-
diamine (18.5 g, 38 mmol), Compound N (14.7 g, 41 mmol),
Pd(dba), (1.08 g, 1.88 mmol), PtBu; HBF, (0.41 g, 2.2
mmol), and ‘BuONa (4.34 g, 46 mmol) were added to
toluene (400 ml) and heated at 80° C. for 5 hours. After
cooling, toluene and water were added and separated. An
organic layer was concentrated, purified by column chro-
matography (silicagel), concentrated, filtered, and washed
with hexane to obtain Compound O (24.8 g, yield 86%).

D. Synthesis of Compound P

Compound P (20.2 g, yield 70%) was synthesized under
the same conditions as the synthesis of Compound E in
3-bromophenol (16.3 g, 94 mmol) and Compound O (24.0
g, 31 mmol).

N
Pd(dba),,
PtBuz*HBF,
tBuONa

toluene
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E. Synthesis of Compound Q

Compound Q (7.0 g, yield 35%) was synthesized in the
same manner as the synthesis of Compound 2 in Compound
P (20.0 g, 22 mmol).

F. Synthesis of Compound R

Compound R (7.1 g, yield 86%) was synthesized in the
same manner as the synthesis of Compound O in Compound
Q (6.5 g, 7 mmol) and N1,N1,N3-triphenylbenzene-1,3-
diamine (2.55 g, 8 mmol).

G. Synthesis of Compound 28

Compound 28 (2.24 g, yield 33%) was obtained in the
same manner as the synthesis of Compound 2 in Compound
R (7.0 g, 6 mmol). After performing sublimation purification
(410° C., 3.3x107* Pa), device evaluation was conducted.
FAB-MS referred to m/z=1205 (M*+1)

1-5. Synthesis of Compound 30
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A. Synthesis of Compound T
Compound T (19.9 g, yield 80%) was synthesized in the
same manner as the synthesis of Compound O in Compound
B (15.0 g, 36 mmol) and Compound N (14.0 g, 40 mmol).
B. Synthesis of Compound U
Compound U (16.3 g, yield 75%) was synthesized under
the same conditions as the synthesis of Compound E in
Compound T (19.0 g, 28 mmol) and 1-bromo-3-fluoroben-
zene (14.3 g, 83 mmol).
C. Synthesis of Compound V

Compound V (6.4 g, yield 40%) was synthesized in the

40

45

50

same manner as the synthesis of Compound 2 in Compound o

U (16.0 g, 19 mmol).
D. Synthesis of Compound W

Compound W (6.7 g, yield 92%) was obtained in the same
manner as the synthesis of Compound O in Compound V
(6.0 g, 7 mmol) and 3-phenoxy-N-phenylaniline (2.60 g, 8
mmol).

E. Synthesis of Compound 30

Compound 30 (1.26 g, yield 21%) was obtained in the
same manner as the synthesis of Compound 2 in Compound

60

65

W (6.0 g, 6 mmol). After performing sublimation purifica-
tion (410° C., 3.2x107> Pa), device evaluation was con-
ducted. FAB-MS referred to m/z=1055 (M*+1).

1-6. Synthesis of Compound 56
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A. Synthesis of Compound X

Compound J (10.0 g, 29 mmol), N1,N1,N3,N3-tetraphe-
nylbenzene-1,3,5-triamine (6.1 g, 14 mmol), Pd(dba), (0.82
g, 1.43 mmol), PtBu; HBF, (0.31 g, 1.7 mmol), and ‘BuONa
(3.3 g, 34 mmol) were added to toluene (200 ml), and heated
at 80° C. for 5 hours. After cooling, toluene and water were
added and separated. An organic layer was concentrated,
purified by column chromatography (silicagel), concen-
trated, filtered, and washed with hexane to obtain Compound
X (11.0 g, yield 80%).

B. Synthesis of Compound 56

Compound 56 (1.3 g, yield 12%) was obtained in the same
manner as the synthesis of Compound 2 in Compound X
(10.8 g, 11 mmol). After performing sublimation purification
(400° C., 3.8x10> Pa), device evaluation was conducted.
FAB-MS referred to m/z=980 (M*+1).

1. Evaluation of the Energy Level of Compounds

The light emission characteristics of a polycyclic com-
pound of an embodiment and organic electroluminescence
devices of an embodiment including a polycyclic compound
of an embodiment in an emission layer were evaluated as
follows. A method of manufacturing an organic electrolu-
minescence device for evaluation is described below.

Organic electroluminescence devices of Examples 1 to 6
were manufactured using Compounds 2, 4, 6, 28, 30, and 56
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described above as a dopant material for an emission layer.
Comparative Examples 1 to 3 are organic electrolumines-
cence devices manufactured using Comparative Example
Compounds X1 to X3 as a dopant material for an emission
layer, respectively.

(Manufacture of Organic Electroluminescence Devices)

On a glass substrate, I'TO was patterned to a thickness of
about 1500 A, washed with ultra-pure water, cleaned with
ultrasonic waves, irradiated with UV for 30 minutes, and
then ozone-treated. Thereafter, HAT-CN was deposited to a
thickness of 100 A, o-NPD was deposited to a thickness of
800 A, and mCP was deposited to a thickness of 50 A to
form a hole transport region.

In the forming of each emission layer, polycyclic com-
pounds of an embodiment or Comparative Example Com-
pounds and host materials were co-deposited at 1:99 to form
a layer having a thickness of 200 A. The emission layers
formed by co-deposition in Examples 1 to 6 were deposited
by mixing Compounds 2, 4, 6, 28, 30, and 56 with the host
materials respectively, and in Comparative Examples 1 to 3,
Comparative Example Compounds X1 to X3 each were
mixed with host materials and deposited. In the forming of
the emission layers, mCP was used as a host material.

Thereafter, on the emission layers, sequentially a layer
having a thickness of 300 A was formed of TPBi and a layer
having a thickness of 50 A was formed of LiF to form an
electron transport region. A second electrode having a thick-
ness of 1000 A was formed of aluminum (Al).

In Examples, the hole transport region, the emission layer,
the electron transport region, and the second electrode were
formed using a vacuum deposition apparatus.

[Functional Compounds]

CN

/erN
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CN
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(Evaluation of Organic Flectroluminescence Device
Characteristics)

Table 1 shows the evaluation results of the organic
electroluminescence devices of Examples 1 to 6 and Com-
parative Examples 1 to 3. Table 1 shows maximum emission
wavelength (X max), EQE,, ., and EQE, ., 000 ., of the
manufactured organic electroluminescence devices by com-
parison. In the characteristic evaluation results of Examples
and Comparative Examples shown in Table 1, maximum
emission wavelength (X max) refers to the wavelength
representing the maximum value in the emission spectrum,
EQE,, . (external quantum efficiency) refers to the maxi-
mum value of the external quantum efficiency, and
EQE,, 1000 i fefers to the maximum value of the external
quantum efficiency at 1000 cd/m?.

TABLE 2

20
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30

35

Type

Dopant
material

1y

max

(um)

EQE, s

(%)

EQE, 11000 nit
(%)

Example 1
Example 2
Example 3
Example 4
Example 5
Example 6
Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Compound 2
Compound 4
Compound 6
Compound 28
Compound 30
Compound 56
Comparative
Example
Compound X1
Comparative
Example
Compound X2
Comparative
Example
Compound X3

467
463
460
464
470
460
459

467

474

25.0
27.3
28.1
254
26.1
20.1
13.2

14.2

15.6

233
245 40
26.3
23.4
24.4
18.9
5.4
45

6.4

13.2
50

Referring to the results in Table 1, it can be confirmed that

the organic electroluminescence devices of Examples 1 to 6
emit light in a blue wavelength range of about 460 nm to
about 470 nm. The organic electroluminescence devices of
Examples 1 to 6 show excellent external quantum efficiency
with an EQE,,,. value of 200% or more and an
EQE,,.x1000 »: Value of 18.900 or more. It can be seen that
the organic electroluminescence devices of Examples 1 to 6
including the polycyclic compounds according to an
embodiment have improved light emission efficiency.

In comparison, the organic electroluminescence devices
of Comparative Examples 1 to 3 emit blue light but have an
EQE,, .. value of 15.6% or less and an EQE,, .., 000 ,:; Value
of 13.200 or less, which show low external quantum effi-
ciency.
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Comparative Example Compounds X1 and X2 have a
multi-resonant structure in which aromatic rings are linked
to a boron atom and a nitrogen atom, but do not have a
structure in which the aromatic rings are fused.

Comparative Example Compound X3 includes a number
of aromatic rings fused to a boron atom and a nitrogen atom,
and thus has a basic structure of Formula 1 of the inventive
concept. However, it does not have a structure containing a
group represented by Formula 2 of the inventive concept.

In the polycyclic compound of an embodiment according
to the inventive concept, a number of aromatic rings are
fused around B and N, and a conjugated system may be
extended. Accordingly, the polycyclic compound of an
embodiment has a stabilized molecular structure and a
multi-resonant molecular skeleton to be included in an
emission layer of an organic electroluminescence device,
thereby exhibiting excellent light emission efficiency.

An organic electroluminescence device according to an
embodiment of the inventive concept may achieve excellent
light emission efficiency.

A polycyclic compound according to an embodiment of
the inventive concept may be applied to an organic elec-
troluminescence device to achieve excellent light emission
efficiency.

Although the inventive concept has been described with
reference to a preferred embodiment of the inventive con-
cept, it will be understood that the inventive concept should
not be limited to these preferred embodiments but various
changes and modifications can be made by those skilled in
the art without departing from the spirit and scope of the
inventive concept.

Accordingly, the technical scope of the inventive concept
is not intended to be limited to the contents set forth in the
detailed description of the specification, but is intended to be
defined by the appended claims.

What is claimed is:

1. An organic electroluminescence device, comprising:

a first electrode;

a second electrode facing the first electrode; and

an emission layer disposed between the first electrode and
the second electrode,

wherein the first electrode and the second electrode each
independently include at a least one material selected
from the group consisting of Ag, Mg, Cu, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti,
oxides thereof, compounds thereof, and mixtures
thereof;

wherein the emission layer includes a polycyclic com-
pound represented by Formula 1:

[Formula 1]

v BN | '
|
L, <
(Ro); N Ry,
B B
i Y
Y1§| N X | /Ys
®Rda Ay Rs Ra)a
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wherein in Formula 1,
X, is NAr,, O, or S,

[Formula 1-1a]

Y, to Yy are each independently CM, or a carbon atom PA Ys
bonded to a group represented by Formula 2, YN Ys

each M, is independently a hydrogen atom, a deuterium 5 | | /J
atom, a halogen atom, a substituted or unsubstituted (Rz)b/ ~ N Ra),
amine group, a substituted or unsubstituted alkyl group

having 1 to 20 carbon atoms, a substituted or unsub- Yz/ B B \Y7
stituted aryl group having 6 to 30 ring-forming carbon | | | |
atoms, or a substituted or unsubstituted heteroaryl 10 REEN Pl

having 2 to 30 ring-formi b t | N N |
group having 2 to 30 ring-forming carbon atoms, or

bonded to an adjacent group to form a ring,

Ar, and Ar, are each independently a substituted or
unsubstituted aryl group having 6 to 30 ring-forming
carbon atoms or a substituted or unsubstituted het-
eroaryl group having 2 to 30 ring-forming carbon
atoms,

R, to R; are each independently a hydrogen atom, a [Formula 1-1b]

deuterium atom, a halogen atom, a substituted or /Y4\ 5
unsubstituted amine group, a substituted or unsubsti- 20 ¥3 | JYG
2

15

tuted alkyl group having 1 to 20 carbon atoms, a u
substituted or unsubstituted aryl group having 6 to 30 Ry N

ring-forming carbon atoms, or a substituted or unsub-
stituted heteroaryl group having 2 to 30 ring-forming a B B N
. 25 Y7 Y,
carbon atoms, or bonded to an adjacent group to form | | | |
a ring, Yo PAL
a, b, c, and d are each independently an integer from 0 to \| N Y |/

2, ®na |
at least one group represented by Formula 2 is bonded to
at least one pair of substituents, the at least one pair of
substituents selected from the group consisting of Y,
andY,, Y;and Y,, Y;and Y, and Y, and Y,

v | Ve
[Formula 2] 33 u J
(Ry)r. P Z
> <Rz>b/ N /\<R3>c
B B
7 N
Y5 Y5
X3 w 1 !
B, | N S 7
®Rps | Ry)a

Re)e— Ary Rs

30

[Formula 1-1¢]

45
wherein in Formulas 1-1a to 1-1c,
wherein in Formula 2, ) Y, to Yy, Ar;, Ar,, and R, to Ry are the same as defined
each X, a.nd. each X; are 1ndependpntly NAr;, O, or S, in Formulas 1 and 2.
each Ar; is independently a substituted or unsubstituted ) . . .
aryl group having 6 to 30 ring-forming carbon atoms or 50 3. "[.'he organic elf:ctrolumlnescence device of claim 1,
a substituted or unsubstituted heteroaryl group having wherein the polycyclic compound represented by Formula 1
2 to 30 ring-forming carbon atoms, is represented by Formula 3-1 or Formula 3-2:
each R, and each R, are independently a hydrogen atom,
a deuterium atom, a halogen atom, a substituted or
unsubstituted amine group, a substituted or unsubsti- 55 [Formula 3-1]
tuted alkyl group having 1 to 20 carbon atoms, a

substituted or unsubstituted aryl group having 6 to 30 Ryn G R2)on 2 Ra)er
ring-forming carbon atoms, or a substituted or unsub- - | | N | =
stituted heteroaryl group having 2 to 30 ring-forming G y g
carbon atoms, or bonded to an adjacent group to form 60 X3 N
a ring, B B B
each e is independently an integer from O to 3, = = x
each f is independently an integer from 0 to 4, and Rene T |
* indicates a binding site to a neighboring atom. x N N < \/
2. The organic electroluminescence device of claim 1, 65 Zl(Rl)al | ! Ra)at
wherein the polycyclic compound represented by Formula 1 Ary Rs

is represented by one of Formulas 1-1a to 1-1c:
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[Formula 3-2]
(Ra)e1 (R3)e1 (Rn2)p
NN 5
P N F S Xan
B B B
"] (T 1
S~~~ 10
Re2)e2
\/ N XN > N
(Rpa | Ra)ar
Ary Rs
15

wherein in Formulas 3-1 and 3-2,

X1, Xs,, X5;, and X, are each independently NAr,, O,
or S,

each Ar, is independently a substituted or unsubstituted
aryl group having 6 to 30 ring-forming carbon atoms or

146

a substituted or unsubstituted heteroaryl group having
2 to 30 ring-forming carbon atoms,

Rg;s Rgas R, and R, are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a substituted
or unsubstituted amine group, a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms, or a substituted or unsub-
stituted heteroaryl group having 2 to 30 carbon atoms,
or bonded to an adjacent group to form a ring,

al and d1 are each independently an integer from 0 to 2,

bl and cl are each independently an integer from O to 4,

el and e2 are each independently an integer from 0 to 3,

fl and 2 are each independently an integer from O to 4,
and

X,,Ar,, and R, to R, are the same as defined in Formulas
1 and 2.

4. The organic electroluminescence device of claim 1,

wherein the polycyclic compound represented by Formula 1
is represented by one of Formulas 4-1a to 4-1d:

[Formula 4-1a]

®R7)n (Ra)p1 (R3)c1 R7)p
O (7 (7
X5 x Va N a V X5
B B B B
206 (T T3
Reper™ o T~ Re)er
X Z
~ X3 / X \ X2 7
R ot I Radar
Ary Rs
[Formula 4-1b]
(Re2)e
X N X35
R7n (Ra)p1 B
X | |\ AN | AN = I
i Rada
|
Y 2Ny e VTN
31
B B B
Reer™ T
X S
~ X1 / N Xi y
Ryt I Ro)ar
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[Formula 4-1¢]
(Re1)e1
| SN
/
(R3)c1 R72)p
AN / Rl - N
Ry — |
/ \ / X
7“ AN
A | | \ = T Ree
Rpa2 Ra)ar
[Formula 4-1d]
(Re1)e1 (RGZ)eZ

o

D 1
®sp” <R£ 7

AN \@
(Rs)cz

\ P o
Ry i \<R4>dz

wherein in Formulas 4-1a to 4-1d,

X1, Xs,, X5;, and X, are each independently NAr,, O,
or S,

each Ar, is independently a substituted or unsubstituted
aryl group having 6 to 30 ring-forming carbon atoms or
a substituted or unsubstituted heteroaryl group having
2 to 30 ring-forming carbon atoms,

Rgi> Ress Rop, and R, are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a substituted
or unsubstituted amine group, a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having ring-
forming 6 to 30 carbon atoms, or a substituted or
unsubstituted heteroaryl group having 2 to 30 ring-
forming carbon atoms, or bonded to an adjacent group
to form a ring,

al, b2, c2, and d1 are each independently an integer from
0to 2,

a2, bl, cl, and d2 are each independently an integer from
0 to 4,

(R72)/z

50
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el and e2 are each independently an integer from 0 to 3,

fl and 2 are each independently an integer from O to 4,

and

X, Ar;, and R, to Ry are the same as defined in Formulas

1 and 2.

5. The organic electroluminescence device of claim 4,
wherein the polycyclic compound represented by Formula
4-1a has a line-symmetrical structure with respect to an
imaginary line passing through a central nitrogen atom and
R..

6. The organic electroluminescence device of claim 4,
wherein the polycyclic compound represented by Formula
4-1d has a line-symmetrical structure with respect to an
imaginary line passing through a central nitrogen atom and
R..

7. The organic electroluminescence device of claim 1,

wherein the polycyclic compound represented by Formula 1
is represented by one of Formulas 4-2a to 4-2d:
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[Formula 4-2a]

[Formula 4-2b]

[Formula 4-2¢]

[Formula 4-2d]



wherein the polycyclic compound represented by Formula 1
is represented by Formula 5-1 or Formula 5-2:
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wherein in Formulas 4-2a to 4-2d,

X515 Xaas X531, and X5, are each independently NAr,, O,
or S,

each Ar, is independently a substituted or unsubstituted s
aryl group having 6 to 30 ring-forming carbon atoms or
a substituted or unsubstituted heteroaryl group having
2 to 30 ring-forming carbon atoms,

Rg;5 Rgs, Ry, and R, are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a substituted
or unsubstituted amine group, a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms, or a substituted or unsub-
stituted heteroaryl group having 2 to 30 ring-forming
carbon atoms, or bonded to an adjacent group to form
a ring,

10

15

el and e2 are each independently an integer from O to 3,

fl and 2 are each independently an integer from 0 to 4, 2°
and

X, and Ar, are the same as defined in Formulas 1 and 2.

8. The organic electroluminescence device of claim 1,
25

[Formula 5-1]

(R7)//\/ | | \/(\R7)/
X3 N N 7 X3
7 B B B B x
Roe | | S®o.
~ X3 II\I X1 X2 &
Ary
[Compound Group 1]
N N
B B B
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-continued
[Formula 5-2]

(Ré)e \ l(RG)e

X3 X5 XZ/Q\ X3
B B
N
(R7)//
B

OiB :O
o
Ary

wherein in Formulas 5-1 and 5-2,
eachof X, X, X;, Ar,, R, R, e, and f are independently
the same as defined in Formulas 1 and 2.

9. The organic electroluminescence device of claim 1,
wherein Ar, and Ar, are each independently a substituted or
unsubstituted phenyl group.

10. The organic electroluminescence device of claim 1,
wherein R, and R, are each independently an unsubstituted
methyl group, an unsubstituted isopropyl group, an unsub-
stituted t-butyl group, a substituted or unsubstituted biphe-
nyl amine group, or an unsubstituted phenyl group.

11. The organic electroluminescence device of claim 1,
wherein the emission layer emits delayed fluorescence.

12. The organic electroluminescence device of claim 1,
wherein the emission layer emits light in a blue wavelength
range.

13. The organic electroluminescence device of claim 1,
wherein

the emission layer comprises a first compound and a

second compound, and

the first compound includes the polycyclic compound.

14. The organic electroluminescence device of claim 1,
wherein the polycyclic compound represented by Formula 1
is selected from one of the compounds represented by
Compound Group 1:

MRy,
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15. A polycyclic compound represented by Formula 1:

95

45

50

55

v v [Formula 1]
Y3/ 4\ | 5\ Y
| J
<R2>b/ N Ry,
B B
v¥& | v,
| |
R v
®y. | Ra)a

wherein in Formula 1,
X, is NAr,, O, or S,

60

Y, to Yy are each independently CM, or a carbon atom

bonded to a group represented by Formula 2,

each M, is independently a hydrogen atom, a deuterium
atom, a halogen atom, a substituted or unsubstituted

L

192

96

N
ﬁfmiﬁi@

0
oo

2

98

LXK,

99

amine group, a substituted or unsubstituted alkyl group
having 1 to 20 carbon atoms, a substituted or unsub-
stituted aryl group having 6 to 30 ring-forming carbon
atoms, or a substituted or unsubstituted heteroaryl
group having 2 to 30 ring-forming carbon atoms, or
bonded to an adjacent group to form a ring,

Ar, and Ar, are each independently a substituted or

unsubstituted aryl group having 6 to 30 ring-forming
carbon atoms or a substituted or unsubstituted het-
eroaryl group having 2 to 30 ring-forming carbon
atoms,

R, to Ry are each independently a hydrogen atom, a

deuterium atom, a halogen atom, a substituted or
unsubstituted amine group, a substituted or unsubsti-
tuted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms, or a substituted or unsub-
stituted heteroaryl group having 2 to 30 ring-forming
carbon atoms, or bonded to an adjacent group to form
a ring,

a, b, ¢, and d are each independently an integer of 0 to 2,
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at least one group represented by Formula 2 is bonded to

at least one pair of substituents, the at least one pair of

substituents selected from the group consisting of Y,
and Y,, Y;and Y,, Y5 and Y, and Y, and Yy,

[Formula 2]
Rar
X3
B,
(Re)e—
/*
X

wherein in Formula 2,

each X, and each X are independently NAr;, O, or S,

each Ar; is independently a substituted or unsubstituted
aryl group having 6 to 30 ring-forming carbon atoms or
a substituted or unsubstituted heteroaryl group having
2 to 30 ring-forming carbon atoms,

each R, and each R, are independently a hydrogen atom,
a deuterium atom, a halogen atom, a substituted or
unsubstituted amine group, a substituted or unsubsti-
tuted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms, or a substituted or unsub-
stituted heteroaryl group having 2 to 30 ring-forming
carbon atoms, or bonded to an adjacent group to form
a ring,

each e is independently an integer from O to 3,

each f is independently an integer from 0 to 4, and

* indicates a binding site to a neighboring atom.

16. The polycyclic compound of claim 15, wherein the

polycyclic compound represented by Formula 1 is repre-
sented by one of Formulas 1-1a to 1-1c:

25

30

(Ra2)e1 R3)e

(R71)/1/\/ | |\ § | \/\3 1 |
X7 AN s a

AN NN NS

Re)er™ 7 | | |
A A

X1 / N Xi \

Rp)a1 1|\r1 R Ra)ar

194
[Formula 1-1a]
v Y4\ | YS\\Y6
| J
<R2>b/ N S,
B B
YZ/ | | \ Y7
| |
Yl§| N N |/Yg
®pe | I Rla
1 Rs 2
[Formula 1-1b]
v 1N | s Y
| J
<R2>b/ 7 PSR,
B B
YZ/ | | \ Y7
| |
Y1§| N o | /YS
®Rpa | Rla
1 Rs
[Formula 1-1¢]
Y3/Y4\ Y5\ Y6
| L
<R2>b/ N 7 R
B B
Y5 Y,
L |
Y1§ N o | /Ys
®pe | Rala

Ary Rs

wherein in Formulas 1-1a to 1-1c,
Y, to Y, Ar,, Ar,, and R, to R; are the same as defined
in Formulas 1 and 2.
17. The polycyclic compound of claim 15, wherein the
polycyclic compound represented by Formula 1 is repre-
sented by one of Formulas 4-1a to 4-1d:

[Formula 4-1a]

(R72)p
B
N
7 X3
B
AN
| T Reda

Xn 7
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-continued
[Formula 4-1b] [Formula 4-1¢]
Re2)e2 Re el
7 | |\ A
®y) X2 N X3 X31 7 XZZ(R) Rs)
(R71) 2/b1 2)b2 3 (R72)
e N N PN NS A 7
|| (1 U e e | |
X3 N A N P RN Z N N o X35
7 | B F | B B | SN S | B B | N B | ~
Re el T Re2ez
N F
x X51 N N X1 \/ / I?I Xl \ XZZ &
(Ry)al 1I\r1 R Ra) Rp)az Ay R Ra)a1
[Formula 4-1d]
Re el Re2)e2
\ /
X31/©\ Xa X5 % X3
B B
| AN | AN
/ e AN R
R / (R2)p1 N R3)c2 \(Rn)/2
B B
XDy, =
S N X7 /\
Ry)a? | R
Ar Rs
wherein in Formulas 4-1a to 4-1d, 35 unsubstituted heteroaryl group having 2 to 30 ring-
X515 Xaas X531, and X5, are each independently NAr,, O, fgl}gﬁf acarfiﬁ?gn atoms, or bonded to an adjacent group
or S, al, b2, c2, and d1 are each independently an integer from
each Ar, is independently a substituted or unsubstituted 0to 2,
aryl group having 6 to 30 ring-forming carbon atoms or a2, bl, cl, and d2 are each independently an integer from
a substituted or unsubstituted heteroaryl group having 0 to 4,
2 to 30 ring-forming carbon atoms, el and e2 are each independently an integer from 0 to 3,
. fl and 2 are each independently an integer from O to 4,
Rg;5 Rgs, Ry, and R, are each independently a hydrogen and
atom, a deuterium atom, a halogen atom, a substituted X,,Ar,, and R, to R, are the same as defined in Formulas
or unsubstituted amine group, a substituted or unsub- 45 1 and 2.
stituted alkyl group having 1 to 20 carbon atoms, a 18. The polycyclic compound of claim 15, wherein the
substituted or unsubstituted aryl group having ring- polycyclic compound represented by Formula 1 is repre-
forming 6 to 30 carbon atoms, or a substituted or sented by one of Formulas 4-2a to 4-2d:
[Formula 4-2a]
R7nn (R7)p
S
X31 N N 7 X3
B B B B
= A
Reer™_ | | T Re2e
X321 N X1 Xn

Ary
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-continued
[Formula 4-2b] [Formula 4-2¢]
(Re2)e2 Ree1
/- | |\
X N X3 X31 o X
(Ry1) (R72),
N o NN AP Rz
| i Ra2a R~ |
XN N ~ & N 7> %,
RenerC T Re2e2
~ X21 ITT X1 Iﬁ X X5 &
Ary Ar
[Formula 4-2d]
Re1)er (Re2)e2
\ /
X3, ; X5 X % X5
B B. i
®Ron” N Rzl

B B

N: i :Xl

Ary

wherein in Formulas 4-2a to 4-2d,

X1, Xs,, X5;, and X, are each independently NAr,, O,
or S,

each Ar, is independently a substituted or unsubstituted
aryl group having 6 to 30 ring-forming carbon atoms or
a substituted or unsubstituted heteroaryl group having
2 to 30 ring-forming carbon atoms,

Rg;5 Rgs, Ry, and R, are each independently a hydrogen
atom, a deuterium atom, a halogen atom, a substituted
or unsubstituted amine group, a substituted or unsub-
stituted alkyl group having 1 to 20 carbon atoms, a
substituted or unsubstituted aryl group having 6 to 30
ring-forming carbon atoms, or a substituted or unsub-
stituted heteroaryl group having 2 to 30 ring-forming
carbon atoms, or bonded to an adjacent group to form
a ring,

el and e2 are each independently an integer from O to 3,

fl and f2 are each independently an integer from O to 4,
and

X, and Ar, are the same as defined in Formulas 1 and 2.

19. The polycyclic compound of claim 15, wherein the

polycyclic compound represented by Formula 1 is repre-
sented by Formula 5-1 or Formula 5-2:

[Formula 5-1]

-continued
35 [Formula 5-2]
Re)e, Re)e
40 X3 Xz XZ/Q\ X3
B B
®y” b Ny
45 B B
- :Ir L
Ary
50
55
60  wherein in Formulas 5-1 and 5-2,

each of X, X,, X5, Ary, Rg, R, e, and f are independently
the same as defined in Formulas 1 and 2.

20. The polycyclic compound of claim 15, wherein the

65 polycyclic compound represented by Formula 1 is selected

from one of the compounds represented by Compound
Group 1:
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